(19) B^m&WFr ( J P) 




(A) 



(ll)#»FttW^W#-8- 

#112001 -61820 

(P 2001-61820 A) 
(43)£rH 0. ¥-j£13*E 3 J§ 13 0 (2001. 3. 13) 



(51) Int. CI. 7 

A61B 5/16 

5/0205 



300 



F I 

A61B 5/16 
5/02 



T-V-V (##) 



300 



A 4C017 
E 4C038 



#3£«* *»* lt*^co^:8 OL (^1310 



(21) 03Ji#^ 



(22) fflU 0 



4*«¥11- 240532 



2FjSfell# 8 M 26 0 (1999. 8. 26) 



(71) a® A 000005832 

ifcBUfiFP Wrl? **PW 1048#i& 
<72)38§8# *Sfr 

*KJ&PWif?**P5JE 1048#ifit&T«X#: 

(72) »M# S3S H 

A8£/&PW rfj^pgjt 1048#^feTmx« 

<74)ft3SA 100087767 



(54) mmco^m mm^mm^mRzfmm^mmi&mm 



(57) [XJ6] 




H (t) 



l— w-sass 



BEST AVAILABLE COPY 



1 

£#fit fMifi hv> Kfti»d*fe#afiWF*|-e(0*f*:flMR 

fch^Kftntjwj-rsM^^Kftaatawfc, .lis 
so <oi5 <^>— rt -e0>±E£#» « e> o # ^ 

ir©4<w» *«sra«LT#«pja<D*fr«*w-att£ 1- 



( 2 ) 2001-61820 

2 

i"i ^fcR^eUfcWM^^KftiBl^JIHli-SttM^^K 

±E* b W V Kftjfto 5 fe*»*Wac*5V^T*#V^« 
5 Ott^SUE LT h w v Fftj»SrJ|Ctai"5 hvy Kft» 
JUii«£* ilE£{Mf$B££ h W> Kft**fc#»B» 

^*ta§p£. _hE*sis^<i<oai^a*o*^-c*t*: 
#*«tt*«ofctt«**oa*i*a©ffiKtttti:«iK 

5 OttSr^JB LT h i/> Ktt***ffi-*-5 h v> Kftitft 

W^fr»ajrsiS»««ttia«-&»tll«i:x _bE#«BB 

fc ±E*8SSttffiaia«^S:#rj-&te*T 

III** 7 ] ±IB»S^fi|?S^g|5 J: <9 ffi^f $ 

5 SIE¥J£IRaE A S: =&^1 L X f& Z> r £ frffltt £i"S ft* 
50 m#m 8 ] ±IESS5«:^?i^Sl5 J: 5 fcB^7 ^ ^ufc^t^ 



3 

*IB©l«S«RL*:»frfc, Bv «lftj|k 4: ft « J: 5 fc* 
^*S:lljEi-SBIBW3eiI«*Sr*«UTJ5!E5 

[0 0 0 1] 
[0 0 0 2] 

ffiis • ms> s# • son. w&oas-fb. a*. $ 

&1Q OftMm (8 0-1 2 0^) T?S>« 
D&kivo^o /^I'-WKEJHfcte 

CTAISSrl&IbfcO. J: 9Bv^E*t«fcB5 «fc 5 
[0 0 0 3] *it»WRo«tlBB{bft*UJf 

[0 0 0 4] i-ftfc*> % ^HB^-J^Tte, ¥te^BB 
* U j£BJ#W#3Stt < teotuTiHiDi-S C 4: 2*£n fett 

So $ fete y isis*mmM<D^hmm&&&m^ 



( 3 ) #H 2001-61820 

4 

*lc$gLTV^5 0 mi 7 (a) Cfltl, VAUHg 

0!l«rSU £fc@17 (b) £<JD*b«jRG>«» 
0!l£r^t\> - 1 7 fc*5V>T, rwAKEj 13 

«HttHI. rREMj ttUAHIB«. Tnon-RE 

mj n;>i/Aiisi^v«^i, rs.wsj \z; 

10 [0 0 0 5] -^bTrcDJ: 5 ^^^S<5V^T X SSS^ 
fcf#HBg6 3-2 0 5 5 9 2 #4^«HcHi*StuTVN5 ± 

5 te m&^mm^mt vruMmmm^m-r^ 

h<D&%>Z> 0 ^7t. #58^3-4 1 9 2 6 ScPl^: 
[0 0 0 6] 

«BUU V'i^»S^^tBbTV^7 t c%<^.-e&5^^>, H 

[0 0 0 7] ^MttJi|EH«jSo«BfcSrHfl&i:-r*t> 

30 i-a^^x*fe5 0 

[0 0 0 8] 

[0 0 0 9] *fcB*9l2©*BI!tt % B*^lfd*5VN 
40 t. SfcllftMv^ h KMfciWtS t Jbfco 
t> ^P^^^r^oS^Sr4 0^-7 0»it5r tS: 

[0010] *%0^Off 3 |Cffi££IBttttaH3@fiB 
50 Jt»**V%tJ|Ui-5it»JlliJ«4i, ±|E*jRI*«pa 



5 

[ooii] *»wo»*«4^«5eas«««®Kii 

[0 0 12] *5IK©W*^5^«seiB*t<I^K« 
KRJtLfctff h ^ Kft»«r*ai-sm h ^> KftlftJt 

asm 2 ±E^t»««o*»3wj(^a^*iaiowiB 

jUfftfi^l 4 ±E£#flWMti: F^K»^ 

*&*<frfe«>fc, ^»R36StbfcBIE«*aa««{« 
ttH8fflS«*#ttlSB 7 J:E#BK4Kffioffifa**0 



( 4 ) #H 2001-61820 

6 

[0 0 13] *»5liOlt*^6C«5l8IS«l!8aW^3S« 
is W«*a«rR*fsai3fel»3(aR*»2 JifE^ff 

10 ffiSP 1 2 t , JiE4#*attO#*^jOiJ^*ifto«FlB 
£ffc<D«RlSr*1-J: 5 KiR^LifcS h KftjRSrflLffl 
h l/v KAHWttift 13i, -blBttj h w> KftR 

4 t s JbE#W*^p*S©llro---^W|Brt-T*<3C>JbE^ 
20 ft*^to*}6*6>, ^«>R3feS^fc«aBtt«ffla»**ft 

«tSffl^Jt*»ffl66l 1 ts ±E#«iBtt«ta5Ut*o 
^ ^"C* fc ^: # Sr^ o fcttS * © 80^*9 

30 t^itnt©T^5o 

[0 0 14] 7 »*3g3~6tC*5 

v^r . ±EM»R«tHbens s i 5 a* s*Lfc«jB(s*te 

[0 0 15] *fc»*3B8 0»WW:, W*3S3 — 7*C*5 
V^T, ±ESB5ttffi*i^a5 8 <£ 5 ttl^7 S^fc*tfttt*K 

40 fc«^*T?&5««I^JttLT^*R^SiXfcWFm<0 
[0 0 16] 

50. [0017] Hlttl»*Il, 2 0«MSrHJSi-5fc* 



7 

^^SttrtHkU, IH*«[«rWt"»IB*>fcD^MS*H 
(t) <hLxa^7"r^J:5(c*o-CVN5o ^A^SfcSrth 

ffl* Sft5*t*B*fc 9 oi**H (t) » % hi/y 

[0018] hvy KftflgtttMB 3 T»Ht H £#fl|«teo 

u>Kft»Sr, ^»K«Sixfcl*l» (h) (DftHKfrJS 

t = 1 

FT (1) = H (1) 
1< t < h CD Pt 
H (t) ^FT ( t - 1 ) CDB# 
H,(t) <FT (t -1) <D&f 
h ^ t <D£f 

FT (t ) =m i n (H ( t - 
rot 5 KLt*»feft5 h l/V KS1IFT (t) te. 
Wx.fi, H30i5t45, r©B3fc*5Vvc. -MS* 

[0 0 2 1] ~<D£ 5i-UT h ^ Kft«»U« 3 "CW 
ffl^/chvyKMFT (t) huyKftifffi 
SB3^e>ttl*S^TeE*t«it«BB8fcA***ua 0 -t 
LTSIE4ft«l*fi^8-ett, fvyKISFT (t) ^ 
-Mfi*H (t) St^vn-c. nmVtm, visiBE^, 

(t) ^»iL>a*H (t) ^BV>T4«S©V^jfc<Z>BSB 

^Ki»FT (t) i-MMfcH (t) OS^fciMS 
l^©'Mfi*OJ6«rJ«fttH|EUTtf fco**«:J*tiJU 

t^*©iii^fctfe>o#«<Djift*-frte*te± 5 

tffl^#J^Sr»«t^fe^fc*#= 

■ t = 1<£>B# 

FT (1) =H (1) 
t > l©Nf 

H (t) ^FT (t-1) cr>B# 

H (t) <FT (t-1) (DW 

roj:}fcLt*»6h5H/yKil»FT (t) «u 



5 ) #H 2001-61820 

8 

10 -e&5 t^^fetb^o 

[0 0 19] ftv^ h v>KflJ(*ffitt3H:B2©;7 

*fcDM*!RH (t) J:?)ftaoj;5^M/yKii 
FT (t) Sr^lPTS. 
[0 0 2 0] 



FT (t) = F T (t-1) 
FT (t) =H (t) 

i+ 1) . . H (t) ) 

[0 0 2 2] H4ttW*^3<D5SK(C«5K«0»J»es 

tis -Wfi-fe ^***fefi»*tu*:*bttflr*r4tha« 1 t^A 
30 5*-4oTV^ 0 tmiSU l "t?tt, 

(t) i:UTffl^-t-SJ: 5f-4oTVNS 0 ^^^*Srff 
liJASixS¥tt:WIBI*)fcD«>'Ma*H (t) tt, 
A^J^tu^o 

[0 0 2 3] hu>Kftj»Jia«3-eH:, *#«*tt<D 

> Kft/SftfffflgB 3 ttH 5 ©7"d- ^ — h fc»i-,fc 5 te 
■MEU A*Sixfc]|lttl*IBfefc5©'M6*H (t) £ 
9 2feS;©±5»2:M^^K*3»FT (t) «r«*i-* 0 
[0 0 2 4] 



FT (t) =FT (t-1) 
FT (t) =H (t) 
50 7tix.fi, H 6 (OX 0 \C?£Z> 0 ^(7^m 6 I^V^T, >bj& 



iijrt , .:i. , '!ti't*,-' 



9 

[0 0 2 5] :(Oj:5i:lThvyKftIS^3TS 
W*ixTU*StLfcM^>Kftj»FT (t) tt#S9^ 

WFT (t) d^6>©*Mfl*H (t) (D*iaD*-frvxSr* 

-rmsr*fc5ii^zou (t) #j*aisjv5. i-fefo 

*>. iS^ZOU (t) t-wa*H (t) iM/yK*i 

FT (t) &m^THk^<D£ 5 (^tit5 0 
[0 0 2 6] ZOU (t) =H (t) -FT (t) 
^<D£5\ZL,T#:Z>L>thZ>mftZOXJ (t) tt x fct 
tf. H7(OJ:5fc45o 17H Ba6 0iM6*H (t) 
ih^KftiRFT (t) d>fe#e>iT,3— lfe<D±t#<£>*i 

[0 0 2 7] *fc«feo#«ia«5-ett, fl-»SBlJ: 
DAASiifc'MSH (t) off fcofrft-^v^Jlttii- 
5i5C4oTV^. *-f, ff»SixfciMe»H (t) 
fc-tOldTOKfHBISixfc'bftftH (t-1) coi^ 
#te (i^SABUN (t) £1-*) SrJHHi-* c * M# 

SAB UN (t) OjmSCttlfcSC^J: 5KJE«-t~5. 
[0 0 2 8] 

abs (H (t) -H (t-1) ) < 6 <DW£ 

SABUN (t) = abs (H (t) -H (t-1) ) 

abs (H (t) -H (t-1) ) ^ 6<DW?^ 

SABUN ( t ) = 6 

Sfefc, i^SABUN (t) SrfVNTKbotSBA 

ra (t) srfcscoijKjrai-s. 
[0029] t = i <om^ 

BARA (1) =SABUN (1) 
t =2<DW& 

BARA (1) =SABUN (1) + S AB UN (2) 
t = 3 (DWr^ 

BARA (1) =SABUN (1) + S AB UN (2) 
+ SA BUN (3) 
t = 4 <DW& 

BARA (1) =SABUN (1) + S AB UN (2) 
+ S AB UN (3) + S AB UN (4) 
t ^ 5 (DWrS- 

BARA (t) =SABUN (t-4) +SABUN 
(t-3) +SABUN (t-2) + S AB UN (t- 
1) +SABUN (t) 

^<D£ 5ldLT*»fctfe>o#SBARA (t) ffl 

[0 0 3 0] -tbT±|B<^J:5fcbT, *5Mim«4-C 
gLffl$^Tj±5^J$ixfcig^ZOU (t) IfbotS 

ta»4A^WASftfci|»zOU (t) ilibo^If 



( 6 ) #PS2 001-61820 

10 

ffi«5a»6>ajA*tLfc«feo**BARA (t) <Dm& 

4Sff^SB^tt<Dttl9lt4s«r||[aii-S J: 5 left ' 

[0 0 3 1 ] IKttllliiailVttftMX 6 B: % fc t £ 
fif 8 9^ (l*IB-Ctt|&4^2 0 0 05)) O^H^ffiBS 

10 ^^4^2 0 0 0^f-^O l^l^^il^ 

JWoSv^H&tfcfil (n o n -REM) N UJ^mmM (R 

em) , s^isAwmR&m^mB&fM (sws) , jt 

(wake) <o#KK«lft^fc<otijaj«aW8«» 

*$6a, 6 b, 6 c, 6 d^?>^5t^S>9 s #i 
WWBir fc OR^ttttMM&jMftk 6a, 6b, 
6 c, 6 dfcttiiditffeo#ft(Diia*^te*d*fe-t© 
^tttSoUSH****** J: 5 fe 2 S:5G<Z>*fcft 

f3j x tfe>o#^s r 5 j Tfc^i, j ^uj±mmm<D 

30 SV^BRKIB (n on -REM) Offlg»$fi6 8. 5 

%l-45o j ebTroj:5^eiE^fiittim5S^m95 7 

[0032] eastt«i«isss 8 -cr*. mm^mamnm 

. *fflffl7^feffi*StLfc4o©*BBE«1liri<Dttja* 
*SrJt-<, *t>^c#4ttSr»bfc«BttttSrt^l*a«> 
SIK««i:iS3£i-aJ:5fcbT*>9, tliRl, i/At 

[0 0 3 3] W:, Bl 0tt»*3Jl4O3S93fcfii5»1t 

i. M^^Kftawawa, i»^amj»4, «bots 

-friRIU-efcS. -tbTffiBB«*ma»*«tH«B7-eJ|[ 

[0034] ^B5tt^ai^#j^*ii^ i o -cr*, mm<D 

50 ^9§r^if-. JKS^ffi. ^ASBS*!. yvw^BSi 



11 

ffiiS^tiO^— ^ ^rSlc LTA*a>fc0>fi5W>lin i SIS 
0#J^Sr^-n>co-efcD, HI 1 Ktlftfi (WAK 

e) . uj^mmn (rem) . /^vasssjhcosv^ 
wrm (n on -rem) . ;^\s&wmm<om^mm 

#ct§ (SWS) CO, 4ai9 0#^Ett«SOffl3a«l^*9 

[0035] eiE«usuiSjt*»fflffi 1 1 -ctt, 
Baaum* a» 7 36^ e> a a s ;h.fc«-siBttjB r i com 

d s : s,^coi+ay0#ra 

t = d s cOBf 
RT (d s) =H (d s) 

t < d s cOBf 
H ( t ) ^RT ( t + 1) <D&? 
H (t) <RT. (t + 1) C0P# 

fcgM/yFliRT (t) ft. hu^KftjftjmiSBl 

[0 0 4 1] h i^v KftjUWffigp 1 4 -eft. ifi h i/> k 

(t) fc. ^ h W'KftjBJfHrtBl 3 3&**>aWJ$jh,fc* 
hv>KftSRT (t) *ai3eW«lte33VNr J: 

D**41Sr«5IS5tlWU h^KiiTRE 

(t) SrJ|:ffli-5J:5fcLT*>5. :©J:pClTbv 

[0 0 4 2] ±t5jW4m h^KlWTRE 

(t) d»fe<^.MfiftH (t) ©JtimJE^v^*^*"? 

***»zou (t) ^#ab-r5o ii^zo 

U (t) SriWSSfcH (t) t b vy KMTRE (t) 
[0 04 3] ZOU (t) =H (t) -TRE (t) 



7 ) #S2 001-61820 

12 

j: 5 kilt* 9, jtBttflL i-j±mmm. ; 

[0 0 3 7] H 1 2 ft»*3g 5 60«K^«S3K« 

UlA*ixfc^l»|in**:9 0'Ma«H (t) ft. ISM/ 
v KAHMFttlflS 12. thwy KriMMFttOR 1 3 . *f£- 

[0038] TO h ^ KftiSftjmjffi 1 2 -Cft x 

SKRStfcltfhvyKSillFT (t) £rff&-r3J:5 

r.<oTO h KiiFT (t) Irlfflt^ 

h^KftiFT (t) ft. M^>KftJ»»fflgpi 4tc 
A^£*i& 0 

[0 0 3 9] h U> KftHWffiSSl 3T11 

20 CO P#^?0 OaSfr^T*- ft CD WIHSE-f fc X coif SMSr*] £ X 

1-J: 5fcH£^Lfc« b i/yKftiRT (t) 

^3t^l»|in*>fc9 0*E?ttJftH (t) £ *9&5£<D£ 
th^KftiRT (t) £r;£g1~5 0 
[0 0 4 0] 



RT ( t) =RT ( t + 1) 
RT ( t ) =H ( t ) 

ft<bo^S*ffl?!35 tcov^ft, H4cot>cot ff3C-e£> 

[0 0 4 4] LT. *5W|[a*4T?J|Cta**tTaAS 
2xfc±l#ZOU (t) t. tf6>0#*»ffl«5T7»aiS 
*UTtHAStLfctfe>o$«BARA (t) ft. glg^Si 

tl *£ ^§15 8 { C o V n T ft H 4 CO t> ^> t IH C -C fc 5 . 
[0 0 4 5] m 1 4 ftff*S 6 CD^^tC#.S^S 

1 , TO Kfta*ffiS5 1 2 . « h u v Kft^fflSP 
13. hU^Kftill»UMBl 4. i#^»tfcj^4. ft^o 



13 

mo. mrnvtrnttimitmnm^ 1 1 , mm&mmim 
[0046] ^ vxmm&mmmfemnm& i x»&£ 

[0 0 4 7] WcHi 5tt«*«7co*K^«5^«o 
fe> ffiBg^Mti^ 8 4 -C^o^Tteg] 4 <£> *> <£> i: m CT 

[0 0 4 8] * bTBE:[fttt*i«eB 8 "rtfctSixfclBB 
RE*y^WS«5 1 5 »CA* S^5 0 IBSfltlSa 1 5 "C 

[0 0 4 9] JfcJcHl 6ttl»*«8 03S8l!fc«S5K1t© 
[0 0 5 0] t UTB8&RJB«^« 8 jfrfcffilE 

sg^j^psa i 6 (ca^ $ tb^ 0 eisfij^wsas 

Sottas. a«cbT^ftK£UTfc5^WoKl^jKbfc 
[0 0 5 1 ] 

[0 0 5 2] *fcW*j2©»Wtt. iSIS&Sr^Vvr h 
5:4 0^-7 0#i Lfc^-e, eB&tftfflSr»AA<ttffl 
[0 0 5 3] *»MOlf*5l3 fcfliSBIEiftlB^J^KB 



( 8 ) #S2 001-61820 

14 

©W»M©«lloaS{fc;o«RlSr*t-J: 5 icRS L*: h v> 

mmw &mxn a s ivt^m^m^mmum^ * ^-e 

fio±t^DS-^i ^ t tf o # £^frv % k ^ fe#BK5K*offl 

[0054] &&w<Dm?km4 fc&&wmx»ft&&m. 

ts W3ei**l*-R«f 5JB!lfil**IR^SSi, 4Mat 
©*»^J©l*|in*<b<?>fffRjS'*i-J: 5 i-R^Lfc b w> 

fc©fiawMBa»&, ^»R*s*tfc#BiE«tt©aia« 
[ o o .5 5 ] &?£m<Dn&i% 5 t^fii ssiB^tt^^ais 



15 

hi^Kftift*fflS&fc. JilEffih vvKS^iRi_blE«^ 
n k tf ib o # S-^V n £ g>««IBtttB<D ffig»£2(s 

u^i' y 7/^^iNTtffit5 r k ds-ct 5 fco-efc 

So 

[oo56] ^m<om^m6 fc&zmmytmmizmw 

R^Lfcifl h w v Kfti»SrJ|E(a-t"S : ttr h KfittffU 

w Kftjfto 5 -b#80*:WF^O^*3VNT^t ft« 5 offiS: 
«fl3 tt h KtfMfcSrUffi-ts h v-v KftHJFttttE 

o£s^£^ai-sfifeo#^Mgpk, 

;h,S h W KftjRSrt, k fc bT4#flNMtOii 
M&^&X 5 4#(D«tttSrE»KSi*Lfctti ITS 



( 9 ) #SB2 001-61820 

16 

[0 0 5 7] Sfc»*«7(D3»iB», ilEHBS^filJt^: 
J: 5 »-«^*SrinEi-S*BBW*WI^S:^i-SO 

So 

10 [0 0 5 8] SfeB*S80SKIt -biasas^Mm^ 

lifeota^feR^StLfcH^»^fc5«ffids 
*^UT^feR^Sttfc^raoK3$ittUfc4&^^, 
SBE^SS k ft S £ 5 ^Jt^^^rlTiE-rS SHR¥USW« 

[BW©1»¥ftR9!l 

[Ell Bt*3Ki, 2©««©3tJIB©»tto— ' Mfcjsr* 

20 [12] B±0 h vy KftI»ffl^ftf^S:/Tt7D^ 
hXfcSo 

[0 4] »*«3o»HOSOItojgtt©— Mtr*5ftSfftl 
[0 5] raJbObu>Kft^a^co»f^Sr^-t-7n — 

— h-efeSo 

[0 6] |^_b<D— tt<0'Maifto*i»t-tttK#fi:t"5 h 

■efeSo 
-efoSo 

[0 9] ^]±©i0S«lffl^f ^r^tiT* 
[01 0] lt3j»K4<038M©*16«>Jgl*©— ' MfciStf-* 

' [011] iaJi©isiB*ttofflafH-d«o^5 7-e*> 

So 

40 [012] »*^5©5IK<0|IJfiO?Bll80— ^^^(tS 

[013] njioiibu^Kftiiwa*©^**-*-^ 

[014] »*5[ 6 0358l(7> jtltO?PlB«>— «fc*5ttS 
. [015] lf*3j7©?8W(Z>Sat(DJgttO— «fc*5ftS 

[016] B*«8^w<ojt»ojptto— -Wfcjarts 

. ®mu<Dyu 5/^0-cfcSo 

50 [017] (a) tt— WSr«-t" 



( 10 

17 

(b) m<D'L^wc<Dm&<D—m&7Firtf7 
i tfsoas 

3 hv^Ksawa* 

5 tffeo*ftJ|tU« 

7 mm^m^mm^n^ io 



#PS2 001-61820 
18 

8 SiS*cM?i^§15 

i o mmytm&%tm&w&$K 
1 1 mmytmft^Lktmn&u 

1 2 mhu>Kft«»ttUfB 

1 3 «M^>KftJ»»mS5 

14 M^yKWM 

1 5 ee*H£IHE8B 

i 6 mmm^mmu 



[01] [02] 




[03] [H5] 




( 11 ) 



#H 2001-61820 



[04] 



IH7] 



TIME 



H<t) 



/ 



FTCt) 



H(t) 



/ 



ZGUCt) 



BARA(t) 



&&&&& 



7 



tB8] 



HCt) 



7 




61 



121 181 241 301 361 

mm <#) 

[Hi o] 



421 




61 121 181 241 301 361 421 



119] 



swstammmm 



REMtbmmm 




ft 



0 12 3 4 


5 


6 7 8 


0 






1 






2 






3 


53.5 




4 






5 







H(t) 



/ TIKE 



/ 



FTCt) 



H(t) 



ZOU(t) 



^1 



HCt) 



7 



BARA(t) 



7 



TIME 



11 



1 



7 



8 



[Hill 




120 



60 



240 360 
180 300* 
B#P3 (#) 



480 



420 



( 12 ) 



#H2 001-61820 



imi 2} 



[Si 3] 



TIUE 



H(t) 



fifth uvKMUjg g K&£§|=LaJSJ 



fift h uvK^ 

7FT(t) 
: 



J. 



H(t) 



13 



RT(t) 



TRE(t) 



H(t) 



H(t) 



/ 



ZOUCt) 



7" 



BARACt) 



7 



7 



8 




RT (DS) = H (DS) 





Yes 


RT(t) 


= H{t) 








[114] 



H(t) 



z 



TIME 



z_ 



HCt) 



,7 



FT(t) 



13 



RT(t) 



TRE<0 



4 



HO) 



ZOUCt) 



HCt) 



7 



BARA(t) 



TIME 



7 



i 



10 



11 

V 



8 

1/ 



H(t) 



7 



FTCt) 



[121 5] 



TIME 



H<t) 



7 



ZOU(t) 



2 



BARACt) 



;/ 



7/ 



8 

/ 



15 



( 13 ) 



#H2 001-61820 



mi 6] 



[017] 



H<t) 



FTCt) 



/ 



H(t) 



7 



Z0U(t5 



H(t) 



BARACt) 



7 



7 



8 



I 



16 



m WAKE 

Bg REM 

^ non-R£M 
® SWS - 



1 



1 



(a) 




JI 



61 121 



161 241 301 

(b) 



n 



361 421 




61 121 



181 241 301 



361 421 



7D V v?£>g££ 



rfcK^Pm rt?;*:*F53f i048#*tfcT«x8c 

<72)JSK# at® *3t 



4C017 AA02 AA10 AC16 BC11 
4C038 PP05 PQOO PSOO 



Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2001-061820 
(43)Date of publication of application : 13.03.2001 



(51)lnt.CI. 



A61B 5/16 
A61B 5/0205 



(21)Application number : 11-240532 



(22)Date of filing : 



(71)Applicant : MATSUSHITA ELECTRIC 

WORKS LTD 



26.08.1999 (72)lnventor : 



IBE HIROYUKI 
FUKUYORI KAORU 
NAKANO NORIO 
MICHIMORI AKIHIRO 
HAGIWARA HIROSHI 



f Tilt ■ ■ ■■ f m 

\ **.xwrM n**to. I 



HC3 




HIT) 



(54) SLEEPING STATE JUDGING METHOD AND SLEEPING STATE JUDGING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately detect a 
sleeping state by calculating a trend curve for 
showing an increase/decrease tendency of a time 
change in time series of living body information such 
as the heartbeat number, and calculating the trend 
curve by using a window function of preset time when J E^vk 55^» 
judging a sleeping state on the basis of the curve. * 
SOLUTION: A measuring part 1 is arranged to 
measure a living body information value such as the 
heartbeat number per unit time as a living body 
information measured value, and a trend curve for 
showing a tendency of a time change in time series of 
the living body information value is calculated by a 
trend curve calculating part 3. An increase in the 

living body information value in each measured time is calculated by an increase 
calculating part 4 from the living body information value and the trend curve to calculate a 
fluctuation degree of the living body information value in a specific time before each 
measured time by a fluctuation degree calculating part 5. An appearance probability of 
respective sleeping states is calculated by a calculating part from a combination of the 
increase and the fluctuation degree of the living body information value, and a state of 
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* NOTICES * 

iTPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The sleep state judging approach characterized by computing the trend curve showing the 
increase and decrease of an inclination of time amount change of the time series of biological 
information by measuring biological information, such as a heart rate or a pulse rate, and computing 
a trend curve using the windowing function of the time amount set up beforehand in the sleep state 
judging approach of judging a sleep state based on this trend curve. 

[Claim 2] The sleep state judging approach according to claim 1 which is characterized by making 
the die length of the time amount of a windowing function into 40 minutes - 70 minutes in 
computing a trend curve using a windowing function. 

[Claim 3] The measurement section which measures biological information values, such as a heart 
rate per unit time amount, or a pulse rate, and is made into the biological information measurement 
value of each time of day, The trend curvilinear calculation section which computes the trend curve 
set up so that the inclination of time amount change of the time series of a biological information 
value might be expressed as the measurement time-of-day setting section which sets up measurement 
time of day, A top Norio object information value and the increment calculation section which 
computes the increment degree of the biological information value in each measurement time of day 
from a trend curve, Whenever [ dispersion / which computes the dispersion degree of the top Norio 
object information value within fixed time amount in front of each above-mentioned measurement 
time of day ] The calculation section, The sleep state appearance probability calculation section 
which computes the appearance probability of each sleep state from the increment of this computed 
biological information value, and the combination of whenever [ dispersion ] based on the sleep state 
appearance probability density part face set up beforehand, Sleep state judging equipment 
characterized by providing the sleep state presumption section which presumes the condition of 
having taken the biggest numeric value in the appearance probability of each sleep state computed in 
the sleep state appearance probability calculation section to be the sleep state of the measurement 
time of day, and changing. 

[Claim 4] The measurement section which measures biological information values, such as a heart 
rate per unit time amount, or a pulse rate, and is made into the biological information measurement 
value of each time of day, The trend curvilinear calculation section which computes the trend curve 
set up so that the inclination of time amount change of the time series of a biological information 
value might be expressed as the measurement time-of-day setting section which sets up measurement 
time of day, A top Norio object information value and the increment calculation section which 
computes the increment degree of the biological information value in each measurement time of day 
from a trend curve, Whenever [ dispersion / which computes the dispersion degree of the top Norio 
object information value within fixed time amount in front of each above-mentioned measurement 
time of day ] The calculation section, The sleep state appearance probability calculation section 
which computes the appearance probability of each sleep state from the increment of this computed 
biological information value, and the combination of whenever [ dispersion ] based on the sleep state 
appearance probability density part face set up beforehand, The sleep state appearance rate 
calculation section which computes the appearance rate of each sleep state based on the appearance 
rate table of each sleep state set up beforehand from the elapsed time from the time of initiation of 
operation, The sleep state appearance ratio calculation section which computes each sleep state 
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appearance ratio by multiplying each above-mentioned sleep state appearance probability and each 
above-mentioned sleep state appearance rate, Sleep state judging equipment characterized by 
providing the sleep state presumption section which presumes the condition of having taken the 
biggest numeric value in each above-mentioned sleep state appearance ratio to be the sleep state of 
the measurement time of day, and changing. 

[Claim 5] The measurement section which measures biological information values, such as a heart 
rate per unit time amount, or a pulse rate, and is made into the biological information measurement 
value of each time of day, The front trend curvilinear calculation section which computes the front 
trend curve set up so that the inclination of time amount change of the travelling direction of the time 
series of the above-mentioned biological information value might be expressed as the measurement 
time-of-day setting section which sets up measurement time of day, The back trend curvilinear 
calculation section which computes a trend curve after setting up so that the inclination of time 
amount change of the retrogression direction of the time series of a top Norio object information 
value may be expressed, The trend curvilinear calculation section which computes a trend curve by 
adopting the value of the larger one in each measurement time of day among the trend curve before 
the above, and the trend curve after the above, A top Norio object information value and the 
increment calculation section which computes the increment degree of the biological information 
value in each measurement time of day from a trend curve, Whenever [ dispersion / which computes 
the dispersion degree of the top Norio object information value within fixed time amount in front of 
each above-mentioned measurement time of day ] The calculation section, The sleep state 
appearance probability calculation section which computes the appearance probability of each sleep 
state from the increment of this computed biological information value, and the combination of 
whenever [ dispersion ] based on the sleep state appearance probability density part face set up 
beforehand, Sleep state judging equipment characterized by providing the sleep state presumption 
section which presumes the condition of having taken the biggest numeric value in the appearance 
probability of each above-mentioned sleep state to be the sleep state of the measurement time of day, 
and changing. 

[Claim 6] The measurement section which measures biological information values, such as a heart 
rate per unit time amount, or a pulse rate, and is made into the biological information measurement 
value of each time of day, The front trend curvilinear calculation section which computes the front 
trend curve set up so that the inclination of time amount change of the travelling direction of the time 
series of the above-mentioned biological information value might be expressed as the measurement 
time-of-day setting section which sets up measurement time of day, The back trend curvilinear 
calculation section which computes a trend curve after setting up so that the inclination of time 
amount change of the retrogression direction of the time series of a top Norio object information 
value may be expressed, The trend curvilinear calculation section which computes a trend curve by 
adopting the value of the bigger one in each measurement time of day among the trend curve before 
the above, and the trend curve after the above, A top Norio object information value and the 
increment calculation section which computes the increment degree of the biological information 
value in each measurement time of day from a trend curve, Whenever [ dispersion / which computes 
the dispersion degree of the top Norio object information value within fixed time amount in front of 
each above-mentioned measurement time of day ] The calculation section, The sleep state 
appearance probability calculation section which computes the appearance probability of each sleep 
state from the increment of this computed biological information value, and the combination of 
whenever [ dispersion ] based on the sleep state appearance probability density part face set up 
beforehand, The sleep state appearance rate calculation section which computes the appearance rate 
of each sleep state based on the appearance rate table of the sleep state set up beforehand from the 
elapsed time from the time of initiation of operation, The sleep state appearance ratio calculation 
section which computes each sleep state appearance ratio by multiplying each above-mentioned 
sleep state appearance probability and each above-mentioned sleep state appearance rate, Sleep state 
judging equipment characterized by providing the sleep state presumption section which presumes 
the condition of having taken the biggest numeric value in each above-mentioned sleep state 
appearance ratio to be the sleep state of the measurement time of day, and changing. 
[Claim 7] It is sleep state judging equipment according to claim 3 to 6 characterized by providing the 
sleep judging controller which corrects a presumed result so that it may not be in a deep sleep state, 
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and changing between the time amount beforehand set up after presuming hypnagogic to the 
presumed result outputted from the above-mentioned sleep state presumption section. 
[Claim 8] Sleep state judging equipment according to claim 3 to 7 characterized by to provide the 
sleep judging controller which corrects a presumed result so that it may be in a deep sleep state, 
when it continues between the time amount to which the condition of being under the threshold to 
which whenever [ dispersion ] was set beforehand was set beforehand continuously after presuming 
hypnagogic to the presumed result outputted from the above-mentioned sleep state presumption 
section, and to change. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fww4.ip... 8/21/2006 



JP,2001-061820,A [DETAILED DESCRIPTION] 



Page 1 of 1 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the sleep state judging approach and sleep state 
judging equipment which detected change of a living body's sleep state based on the activity 
information of a living body like a heart rate or a pulse rate obtained comparatively easily. 
[0002] 

[Description of the Prior Art] Generally, the heartbeat signal is changing with an emotion, a mental 
relaxation, stress, etc. to the human being's condition, for example, sleep and recovery, a rest and 
movement, change of a posture, the food intake, and the pan continuously. Moreover, also about 
sleep, through a night, it is not uniform, the cycle of a non-REM sleep term and a REM sleep term 
appears several times periodically, and, as for human being's sleep state, it is known conventionally 
that the period is about (80 - 120 minutes) 100 minutes. After a sleep state shifts to deep sleep 
gradually from shallow sleep at a non-REM sleep term and a deep sleep state continues in each 
cycle, the method of change that will be in an again shallow sleep state and a REM sleep term 
appears after that is common. Moreover, change of the depth of sleep of the non-REM sleep term in 
each cycle is relative, it applies to recovery from hypnagogic and sleep depth becomes shallow for 
every cycle. Therefore, if the change of state of the above sleep is detected, according to the 
condition, hypnagogic can be promoted, or a proper stimulus can be given so that it may invite to a 
deeper sleep state, and so that it may be made to wake up comfortably. 

[0003] Then, what is necessary is just to use the sleep polygraph with which to detect the change of 
state of sleep is variously tried from the former, for example, it contains an electroencephalogram, 
eye movement, a myo electric signal, etc. However, this thing has large-scale equipment and is 
unsuitable for the application which can use only in the location equipped with the measurement 
facility of a laboratory, a hospital, etc., but is daily used like a health device. Then, to detect the 
change of state of sleep with a sufficient precision with the means replaced with a sleep polygraph is 
desired. In order to meet such a demand, paying attention to the heart rate or the pulse rate, it 
considers detecting the change of state of**** from these change. 

[0004] That is, increasing as the heart rate per unit time amount decreases with hypnagogic, the 
minimum value is shown in toward morning in sleep at night and a recovery stage draws near is 
known. Moreover, it is known for the non-REM sleep term that change a heart rate remarkably since 
turbulence arises in the active state of an autonomic nerve at a REM sleep term, although the heart 
rate per unit time amount is comparatively stable, and a upward tendency is seen when it is many. 
Furthermore, also in a non-REM sleep term, when sleep depth is shallow, there are comparatively 
more heart rates per unit time amount, and when sleep depth is deep, there are comparatively few 
heart rates per unit time amount, and it is very stable [ heart rates ]. An example of transition to 
dr awing 17 (a) in a night of four kinds of sleep states of the shallow sleep state of a wakefulness and 
REM sleep term and a non-REM sleep term and the deep sleep state of a non-REM sleep term is 
shown, and an example of transition of the heart rate at this time is shown in drawing 1 7 (b). In 
drawing 17 , in "WAKE", "non-REM" shows the shallow sleep state of a non-REM sleep term a 
REM sleep term, and, as for "SWS", wakefulness and "REM" show the deep sleep state of a non- 
REM sleep term here. 

[0005] And there are some which detect a REM sleep term by making the change in a pulse rate into 
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an index as the configuration which detects a sleep state is variously offered from the former based 
on such knowledge, for example, it is indicated by JP,63-205592,A. Moreover, there is a thing which 
enabled it to detect the change of state of sleep with a sufficient precision by using the sleep 
characteristic which wove in the increase and decrease of an inclination of a pulse rate or a 
respiration rate, and time fluctuation as indicated by JP,3-41926,A. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional thing, 
since hypnagogic was distinguished and the REM sleep term was detected by using the sleep 
characteristic which wove in the increase and decrease of an inclination of a pulse rate or a 
respiration rate, and time fluctuation, individual difference is in the rate of concordance with the 
change of state of actual sleep considerably, and it had the problem that it was quite inaccurate as 
compared with a sleep polygraph, and a deep sleep state and a shallow sleep state could not be 
distinguished. 

[0007] This invention tends to offer the sleep state judging approach and sleep state judging 
equipment which can detect a sleep state with a sufficient precision for the purpose of solution of the 
above-mentioned trouble. 
[0008] 

[Means for Solving the Problem] The sleep state judging approach concerning claim 1 of this 
invention is characterized by computing the trend curve showing the increase and decrease of an 
inclination of time amount change of the time series of biological information by measuring 
biological information, such as a heart rate or a pulse rate, and computing a trend curve using the 
windowing function of the time amount set up beforehand in the sleep state judging approach of 
judging a sleep state based on this trend curve. 

[0009] Moreover, in computing a trend curve using a windowing function, invention of claim 2 is 
characterized by making the die length of the time amount of a windowing function into 40 minutes - 
70 minutes in claim 1 . 

[0010] The sleep state judging equipment concerning claim 3 of this invention The measurement 
section 1 which measures biological information values, such as a heart rate per unit time amount, or 
a pulse rate, and is made into the biological information measurement value of each time of day, The 
trend curvilinear calculation section 3 which computes the trend curve set up so that the inclination 
of time amount change of the time series of a biological information value might be expressed as the 
measurement time-of-day setting section 2 which sets up measurement time of day, A top Norio 
object information value and the increment calculation section 4 which computes the increment 
degree of the biological information value in each measurement time of day from a trend curve, 
Whenever [ dispersion / which computes the dispersion degree of the top Norio object information 
value within fixed time amount in front of each above-mentioned measurement time of day ] The 
calculation section 5, The sleep state appearance probability calculation section 7 which computes 
the appearance probability of each sleep state from the increment of this computed biological 
information value, and the combination of whenever [ dispersion ] based on the sleep state 
appearance probability density part face 6 set up beforehand, It is characterized by providing the 
sleep state presumption section 8 which presumes the condition of having taken the biggest numeric 
value in the appearance probability of each sleep state computed in the sleep state appearance 
probability calculation section 7 to be the sleep state of the measurement time of day, and changing. 
[001 1] The sleep state judging equipment concerning claim 4 of this invention The measurement 
section 1 which measures biological information values, such as a heart rate per unit time amount, or 
a pulse rate, and is made into the biological information measurement value of each time of day, The 
trend curvilinear calculation section 3 which computes the trend curve set up so that the inclination 
of time amount change of the time series of a biological information value might be expressed as the 
measurement time-of-day setting section 2 which sets up measurement time of day, A top Norio 
object information value and the increment calculation section 4 which computes the increment 
degree of the'biological information value in each measurement time of day from a trend curve, 
Whenever [ dispersion / which computes the dispersion degree of the top Norio object information 
value within fixed time amount in front of each above-mentioned measurement time of day ] The 
calculation section 5, The sleep state appearance probability calculation section 7 which computes 
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the appearance probability of each sleep state from the increment of this computed biological 
information value, and the combination of whenever [ dispersion ] based on the sleep state 
appearance probability density part face 6 set up beforehand, The sleep state appearance rate 
calculation section 10 which computes the appearance rate of each sleep state from the elapsed time 
from the time of initiation of operation based on the appearance rate table 9 of each sleep state set up 
beforehand, The sleep state appearance ratio calculation section 1 1 which computes each sleep state 
appearance ratio by multiplying each above-mentioned sleep state appearance probability and each 
above-mentioned sleep state appearance rate, It is characterized by providing the sleep state 
presumption section 8 which presumes the condition of having taken the biggest numeric value in 
each above-mentioned sleep state appearance ratio to be the sleep state of the measurement time of 
day, and changing. 

[0012] The sleep state judging equipment concerning claim 5 of this invention The measurement 
section 1 which measures biological information values, such as a heart rate per unit time amount, or 
a pulse rate, and is made into the biological information measurement value of each time of day, The 
front trend curvilinear calculation section 12 which computes the front trend curve set up so that the 
inclination of time amount change of the travelling direction of the time series of the above- 
mentioned biological information value might be expressed as the measurement time-of-day setting 
section 2 which sets up measurement time of day, The back trend curvilinear calculation section 13 
which computes a trend curve after setting up so that the inclination of time amount change of the 
retrogression direction of the time series of a top Norio object information value may be expressed, 
The trend curvilinear calculation section 14 which computes a trend curve by adopting the value of 
the larger one in each measurement time of day among the trend curve before the above, and the 
trend curve after the above, A top Norio object information value and the increment calculation 
section 4 which computes the increment degree of the biological information value in each 
measurement time of day from a trend curve, Whenever [ dispersion / which computes the dispersion 
degree of the top Norio object information value within fixed time amount in front of each above- 
mentioned measurement time of day ] The calculation section 5, The sleep state appearance 
probability calculation section 7 which computes the appearance probability of each sleep state from 
the increment of this computed biological information value, and the combination of whenever 
[ dispersion ] based on the sleep state appearance probability density part face 6 set up beforehand, It 
is characterized by providing the sleep state presumption section 8 which presumes the condition of 
having taken the biggest numeric value in the appearance probability of each above-mentioned sleep 
state to be the sleep state of the measurement time of day, and changing. 

[0013] The sleep state judging equipment concerning claim 6 of this invention The measurement 
section 1 which measures biological information values, such as a heart rate per unit time amount, or 
a pulse rate, and is made into the biological information measurement value of each time of day, The 
front trend curvilinear calculation section 12 which computes the front trend curve set up so that the 
inclination of time amount change of the travelling direction of the time series of the above- 
mentioned biological information value might be expressed as the measurement time-of-day setting 
section 2 which sets up measurement time of day, The back trend curvilinear calculation section 1 3 
which computes a trend curve after setting up so that the inclination of time amount change of the 
retrogression direction of the time series of a top Norio object information value may be expressed, 
The trend curvilinear calculation section 14 which computes a trend curve by adopting the value of 
the bigger one in each measurement time of day among the trend curve before the above, and the 
trend curve after the above, A top Norio object information value and the increment calculation 
section 4 which computes the increment degree of the biological information value in each 
measurement time of day from a trend curve, Whenever [ dispersion / which computes the dispersion 
degree of the top Norio object information value within fixed time amount in front of each above- 
mentioned measurement time of day ] The calculation section 5, The sleep state appearance 
probability calculation section 7 which computes the appearance probability of each sleep state from 
the increment of this computed biological information value, and the combination of whenever 
[ dispersion ] based on the sleep state appearance probability density part face 6 set up beforehand, 
The sleep state appearance rate calculation section 10 which computes the appearance rate of each 
sleep state based on the appearance rate table 9 of the sleep state set up beforehand from the elapsed 
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time from the time of initiation of operation, The sleep state appearance ratio calculation section 1 1 
which computes each sleep state appearance ratio by multiplying each above-mentioned sleep state 
appearance probability and each above-mentioned sleep state appearance rate, It is characterized by 
providing the sleep state presumption section 8 which presumes the condition of having taken the 
biggest numeric value in each above-mentioned sleep state appearance ratio to be the sleep state of 
the measurement time of day, and changing. 

[0014] Moreover, after invention of claim 7 presumes hypnagogic in claims 3-6 to the presumed 
result outputted from the above-mentioned sleep state presumption section 8, it is characterized by 
providing the sleep judging controller 1 5 which corrects a presumed result so that it may not be in a 
deep sleep state between the time amount set up beforehand, and changing. 

[0015] Moreover, invention of claim 8 is characterized by to provide the sleep judging controller 16 
which corrects a presumed result so that it may be in a deep sleep state, and to change, when it 
continues between the time amount to which the condition were under the threshold to which 
whenever [ dispersion ] was set beforehand was set beforehand continuously after presuming 
hypnagogic in claims 3-7 to the presumed result outputted from the above-mentioned sleep state 
presumption section 8. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, in 
addition, with the gestalt of each following operation, as a biological information value used as the 
index of a living body's activity situation, although the heart rate is used, it comes out not to mention 
the ability to perform same processing also with a pulse rate. 

[0017] Drawing 1 shows an example of the basic configuration of the control section of the 
equipment for inventing claims 1 and 2. Measurement of a heartbeat can be performed using the 
heartbeat sensor which detects the pulsation of the heart, and using an electric wave, and the output 
from a heartbeat sensor is transmitted to this equipment by a radio transmission or the cable 
transmission. [ using an electrode ] With this equipment, the heartbeat signal transmitted from the 
heartbeat sensor is received, and it inputs into the measurement section 1 . In the measurement 
section 1, after acquiring a pulse-like signal by shaping in waveform, counting of the pulse number 
for every unit time amount is carried out, and enumerated data are outputted as heart rate [ per unit 
time amount ] H (t). The unit time amount which carries out counting of the pulse number is 1 
minute. Heart rate [ per / which is outputted from the measurement section 1 / unit time amount ] H 
(t) is inputted into the trend curvilinear calculation section 3 and the sleep state presumption section 
8. 

[0018] The trend curve set up so that the increase and decrease of an inclination in time amount 
change of the time series of a biological information value might be expressed is made to have 
computed in the trend curvilinear calculation section 3 using the windowing function of the time 
amount (h) set up beforehand. When a windowing function analyzes to a certain continuous data, it 
is the function used in order to restrict the section which analyzes, and in order that the time amount 
of a windowing function may extract the description of the REM sleep term a heart rate indicates a 
upward tendency to be in this invention, the one longer than the persistence time of a REM sleep 
term is desirable. Moreover, conversely, in order to make the trend of a heart rate reflect better, the 
shorter one of the time amount of a windowing function is good. If these two conditions are doubled 
and taken into consideration, it will be thought that the time amount of a windowing function is the 
optimal about 60 minutes also in in [ 40 minutes - ] 70 minutes. 

[0019] Then, the trend curvilinear calculation section 3 operates, as shown in the flow chart of 
drawing 2 , and it defines the trend curve FT (t) like [ H / (t) / heart rate / per / which was inputted / 
unit time amount ] a degree type. 
[0020] 

At the time of t= 1 FT (1) =H (1) 

At the time of Kt<h At the time of H(t) >=FT (t-1) FT(t) =FT (t-1) 

At the time of H(t) <FT (t-1) FT (t) =H (t) 

At the time of h<=t FT(t) =min (H (t-h +1) .. H (t)) 

Thus, the trend curve FT (t) called for becomes like drawing 3 . In this drawing 3 , a heart rate is a 
black thin line and the trend curve is expressed with the black thick wire. 
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[0021] Thus, the trend curve FT (t) computed in the trend curvilinear calculation section 3 is 
outputted from the trend curvilinear calculation section 3, and is inputted into the sleep state 
presumption section 8. And in the sleep state presumption section 8, using the trend curve FT (t) and 
heart rate H (t), it can presume whether it is which [ four kinds of] sleep state of the shallow sleep 
state of a wakefulness and REM sleep term and a non-REM sleep term, and the deep sleep state of a 
non-REM sleep term, and can judge. The approach of presuming whether it being which [ four kinds 
of ] sleep state using the trend curve FT (t) and heart rate H (t) Although not limited especially, while 
computing the increment of a heart rate from the difference of the trend curve FT (t) and heart rate H 
(t), like cases, such as below-mentioned drawing 4 and drawing 10 Whenever [ dispersion ] is 
computed by carrying out sequential count of the difference of the heart rate and the heart rate for the 
following 1 minute for 1 certain minute. The appearance probability of four kinds of sleep states is 
searched for with the increment of a heart rate, and the combination of whenever [ dispersion ]. 
Furthermore, by the elapsed time from an ON floor, it asks for the appearance rate of four kinds of 
sleep states, and a sleep state with the biggest figure (appearance ratio) that multiplied the 
appearance probability and the appearance rate can be presumed to be a sleep state at the time, and 
can be judged. 

[0022] Drawing 4 shows an example of the basic configuration of the control section of the 
equipment concerning invention of claim 3. The heartbeat signal which the output from a heartbeat 
sensor was transmitted to this equipment by the radio transmission or the cable transmission, and 
was transmitted from the heartbeat sensor is inputted into the measurement section 1 . In the 
measurement section 1 , after acquiring a pulse-like signal by shaping in waveform, counting of the 
pulse number for every unit time amount is carried out, and enumerated data are outputted as heart 
rate [ per unit time amount ] H (t). The unit time amount which carries out counting of the pulse 
number is 1 minute. Heart rate [ per / which is outputted from the measurement section 1 / unit time 
amount ] H (t) is inputted into the calculation section 5 whenever [ trend curvilinear calculation 
section 3, increment calculation section 4, and dispersion ]. 

[0023] In the trend curvilinear calculation section 3, the trend curve set up so that the increase and 
decrease of an inclination in time amount change of the time series of a biological information value 
might be expressed is computed. That is, the trend curvilinear calculation section 3 operates, as 
shown in the flow chart of drawin g 5 , and it defines the trend curve FT (t) like [ H / (t) / heart rate / 
per / which was inputted / unit time amount ] a degree type. 
[0024] 

At the time of t= 1 FT (1) =H (1) 

At the time of t> 1 At the time of H(t) >=FT (t-1) FT(t) =FT (t-1) 
At the time of H(t) <FT (t- 1 ) FT (t) =H (t) 

Thus, the trend curve FT (t) called for becomes like drawing 6 . In this drawing 6 , a heart rate is a 
black thin line and the trend curve is expressed with the black thick wire. 

[0025] Thus, the trend curve FT (t) computed and outputted in the trend curvilinear calculation 
section 3 is inputted into the increment calculation section 4 which computes the increment which is 
the increment degree of the biological information value in each measurement time of day. In the 
increment calculation section 4, the increment ZOU (t) which is an index showing the increment 
degree of heart rate [ from the trend curve FT (t) ] H (t) is computed. That is, Increment ZOU (t) is 
defined like a degree type using heart rate H (t) and the trend curve FT (t). 
[0026] ZOU(t)=H(t)-FT(t) 

Thus, the increment ZOU (t) searched for becomes like drawing 7 . Drawing 7 shows transition of 
heart rate [ of drawing 6 ] H (t) and the overnight increment acquired from the trend curve FT (t). 
[0027] Moreover, in the calculation section 5, the dispersion degree of heart rate H (t) inputted from 
the measurement section 1 is computed whenever [ dispersion ]. first, the absolute value (difference - 
- referred to as SABUN (t)) of the difference of the heart rate H (t-1) measured by measured heart 
rate H (t) and its one quota is computed, difference — the formula of SABUN (t) is defined like a 
degree type. 
[0028] 

In the case of abs(H(t)-H (t- 1 )) <6, it is SABUN(t) =abs (H(t)-H (t- 1 )). 

the case of abs(H(t)-H (t-1)) >=6 -- SABUN(t) =6 -- further - difference -- BARA (t) is computed 
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like a degree type whenever [ dispersion ] using SABUN (t). 

[0029] In the case of t= 1, it is BARA(l) =SABUN (1). 

In the case of t= 2, it is BARA(l) =SABUN(1)+SABUN (2). 

In the case of t= 3, it is BARA(l) =SABUN(1)+SABUN(2)+SABUN (3). 

the case of t= 4 - BARA (1) =SABUN(1)+SABUN(2)+SABUN(3)+SABUN (4) 

In the case of t>=5, it is BARA(t) =SABUN(t-4)+SABUN(t-3)+SABUN(t-2)+SABUN(t-l) 

+SABUN (t). 

Thus, BARA (t) becomes like drawing 8 whenever [ dispersion / which was searched for ]. 
[0030] And BARA (t) is inputted into the sleep state appearance probability calculation section 7 
which computes the appearance probability of each sleep state based on the sleep state appearance 
probability density part face 6 whenever [ increment / which was computed in the increment 
calculation section 4 as mentioned above, and was outputted / ZOU (t), and dispersion / which was 
computed and outputted in the calculation section 5 whenever / dispersion J. In the sleep state 
appearance probability calculation section 7, the appearance probability of four kinds of each sleep 
state of the shallow sleep state of a wakefulness and REM sleep term and a non-REM sleep term and 
the deep sleep state of a non-REM sleep term is computed from the combination of BARA (t) based 
on the sleep state appearance probability density part face 6 for every sleep state whenever 
[ increment / which was outputted from the increment calculation section 4 / ZOU (t), and 
dispersion / which was outputted from the calculation section 5 whenever / dispersion ]. 
[0031] The sleep state appearance probability density part face 6 is created based on the data of the 
sleep state of Nighttime of for example, 89 night (time amount about 42,000 minutes). Namely, 
whenever [ increment / of a heart rate / and dispersion ] is calculated for every minute for 1 minute 
of the data for these about 42,000 minutes, and for every 1 minute 1 part of that, a sleep state is 
judged from the data of an electroencephalogram and is. And from these data, the sleep state for the 
1 minute can compute the probability which is the shallow sleep state of a non-REM sleep term, the 
probability which is a REM sleep term, the probability which is the deep sleep state of a non-REM 
sleep term, and the probability which is wakefulness, respectively by analyzing the relation between 
the increment of the heart rate for 1 minute, the combination of whenever [ dispersion ], and the class 
of sleep state. As these probabilities are summarized and the example is shown in drawing 9 , the 
sleep state appearance probability density part face 6 A shallow sleep state [ of a non-REM sleep 
term ] (non-REM), and REM sleep term (REM), It is what consists of appearance probability density 
part face 6a, 6b, 6c, and 6d for every sleep state of the deep sleep state (SWS) of a non-REM sleep 
term, and wakefulness (WAKE). The appearance probability of the sleep state is a two-dimensional 
table so that the sleep state appearance probability density part face 6a, 6b, 6c, and 6d for every sleep 
state may be asked from the combination of whenever [ increment and dispersion ]. For example, the 
appearance probability of the shallow sleep state (non-REM) of a non-REM sleep term becomes 
68.5% for an increment to be "3" and for dispersion be "5" so that drawing 9 may see. And the 
appearance probability for every sleep state computed and outputted in the sleep state appearance 
probability calculation section 7 in this way is inputted into the sleep state presumption section 8. 
[0032] In the sleep state presumption section 8, the appearance probability for every four sleep states 
outputted from the sleep state appearance probability calculation section 7 is compared, the sleep 
state which showed the biggest value is presumed to be the sleep state of the time of day, and it can 
presume whether it is which [ four kinds of] sleep state of the shallow sleep state of a wakefulness 
and REM sleep term and a non-REM sleep term, and the deep sleep state of a non-REM sleep term. 
[0033] Next, drawing 10 shows an example of the basic configuration of the control section of the 
equipment concerning invention of claim 4. The calculation section 5 and the sleep state appearance 
probability calculation section 7 are [ whenever / measurement section 1 , trend curvilinear 
calculation section 3, increment calculation section 4, and dispersion ] the same as the case of above- 
mentioned drawing 4 . And the appearance probability for every sleep state computed and outputted 
in the sleep state appearance probability calculation section 7 is inputted into the sleep state 
appearance ratio calculation section 1 1 . 

[0034] In the sleep state appearance rate calculation section 10, the appearance rate of four kinds of 
each sleep state of the shallow sleep state of a wakefulness and REM sleep term and a non-REM 
sleep term and the deep sleep state of a non-REM sleep term is computed based on the appearance 
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rate table 9 of each sleep state from the elapsed time from the time of initiation of sleep of operation. 
This sleep state appearance rate table 9 by analyzing the relation between the elapsed time from an 
ON floor, and the class of sleep state based on the data of the sleep state of the same Nighttime as the 
above Compute the appearance rate of four kinds of each sleep state, and it is created. The sleep state 
when carrying out predetermined time progress from the time of initiation of sleep A wakefulness 
and REM sleep term, It is what shows that rate which is any of the shallow sleep state of a non-REM 
sleep term, and the deep sleep state of a non-REM sleep term. What graph-ized the appearance rate 
table 9 of four kinds of each sleep state of the shallow sleep state (non-REM) of a wakefulness 
(WAKE) and REM sleep term (REM) and a non-REM sleep term and the deep sleep state (SWS) of 
a non-REM sleep term to drawing 1 1 is shown. Sleep state appearance rate calculation section 6 
appearance calculation is carried out, and the appearance rate of each outputted sleep state is inputted 
into the sleep state appearance ratio calculation section 1 1 . 

[0035] In the sleep state appearance ratio calculation section 1 1, the appearance ratio of each sleep 
state is computed by multiplying the appearance probability for every sleep state outputted from the 
sleep state appearance probability calculation section 7, and the appearance rate of each sleep state 
outputted from the sleep state appearance rate calculation section 10. And the appearance ratio of 
each sleep state computed and outputted in the sleep state appearance ratio calculation section 1 1 is 
inputted into the sleep state presumption section 8. 

[0036] In the sleep state presumption section 8, the appearance ratio for every sleep state outputted 
from the sleep state appearance ratio calculation section 1 1 is compared, the condition which showed 
the biggest value is presumed to be the sleep state of the time of day, and it can presume whether it is 
which [ four kinds of] sleep state of the shallow sleep state of a wakefulness and REM sleep term 
and a non-REM sleep term, and the deep sleep state of a non-REM sleep term. 
[0037] Next, drawing 12 shows an example of the basic configuration of the control section of the 
equipment concerning invention of claim 5. The measurement section 1 is the same as the case of 
above-mentioned drawing 4 . And heart rate [ per / which was outputted from the measurement 
section 1 / unit time amount ] H (t) is outputted to the calculation section 5 whenever [ front trend 
curvilinear calculation section 12, back trend curvilinear calculation section 13, increment 
calculation section 4, and dispersion ]. 

[0038] In the front trend curvilinear calculation section 12, the front trend curve FT (t) set up so that 
the increase and decrease of an inclination in time amount change of the travelling direction of the 
time series of a biological information value might be expressed is computed. The actuation which 
computes this front trend curve FT (t) is the same as actuation of the trend curvilinear calculation 
section 3 in drawing 4 . And the front trend curve FT (t) outputted from the front trend curvilinear 
calculation section 12 is inputted into the trend curvilinear calculation section 14. 
[0039] Moreover, in the back trend curvilinear calculation section 13, after setting up so that the 
increase and decrease of an inclination in time amount change of the retrogression direction of the 
time series of a biological information value may be expressed, the trend curve RT (t) is computed. 
That is, the back trend curvilinear calculation section 1 3 operates, as shown in the flow chart of 
drawing 1 3 , and it defines the back trend curve RT (t) like [ H / (t) / heart rate / per / which was 
inputted / unit time amount ] a degree type. 
[0040] 

ds: The last measurement time amount At the time of t=ds RT (ds) =H (ds) 
At the time of t<ds At the time of H(t) >=RT (t+1) RT(t) =RT (t+1) 
At the time of H(t) <RT (t+1 ) RT (t) =H (t) 

And the back trend curve RT (t) computed and outputted in the back trend curvilinear calculation 
section 13 is inputted into the trend curvilinear calculation section 14. 

[0041] In the trend curvilinear calculation section 14, the way which takes a bigger value in each 
measurement time of day among the front trend curve FT (t) outputted from the front trend 
curvilinear calculation section 1 2 and the back trend curve RT (t) outputted from the back trend 
curvilinear calculation section 13 is adopted, and the trend curve TRE (t) is computed. Thus, the 
trend curve TRE (t) computed and outputted in the trend curvilinear calculation section 14 is 
inputted into the increment calculation section 4 which computes the increment degree of the 
biological information value in each measurement time of day. 
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[0042] In the increment calculation section 4, the increment ZOU (t) which is an index showing the 
increment degree of heart rate [ from the trend curve TRE (t) ] H (t) is computed. That is, Increment 
ZOU (t) is defined like a degree type using heart rate H (t) and the trend curve TRE (t). 
[0043 ] ZOU(t)=H(t)-TRE(t) 

About the calculation section 5, it is [ whenever / dispersion ] the same as the thing of drawing 4 . 
[0044] And whenever [ increment / which was computed and outputted in the increment calculation 
section 4 / ZOU (t), and dispersion / which was computed and outputted in the calculation section 5 
whenever / dispersion ], BARA (t) is inputted into the sleep state appearance probability calculation 
section 7 which computes the appearance probability of each sleep state based on the sleep state 
appearance probability density part face 6, and the appearance probability for every sleep state is 
computed. The appearance probability for every sleep state of this is inputted into the sleep state 
presumption section 8, and it presumes whether it is which [ four kinds of] sleep state of the shallow 
sleep state of a wakefulness and REM sleep term and a non-REM sleep term, and the deep sleep 
state of a non-REM sleep term. About the sleep state appearance probability calculation section 7 
and the sleep state presumption section 8, it is the same as the thing of drawing 4 . 
[0045] Next, drawing 14 shows an example of the basic configuration of the control section of the 
equipment concerning invention of claim 6. About the calculation section 5 and the sleep state 
appearance probability calculation section 7, it is [ whenever / measurement section 1, front trend 
curvilinear calculation section 12, back trend curvilinear calculation section 13, trend curvilinear 
calculation section 14, increment calculation section 4, and dispersion ] the same as the thing of 
drawing 12 . Moreover, about the sleep state appearance rate calculation section 10, the sleep state 
appearance ratio calculation section 1 1, and the sleep state presumption section 8, it is the same as 
the thing of drawing 10 . 

[0046] And the appearance rate of the appearance probability of each sleep state computed and 
outputted in the sleep state appearance probability calculation section 7 and each sleep state 
computed and outputted in the sleep state appearance rate calculation section 1 0 is inputted into the 
sleep state appearance ratio calculation section 11, respectively, and the appearance ratio of each 
sleep state is computed. The appearance ratio of each of this sleep state is inputted into the sleep 
state presumption section 8, and it presumes whether it is which [ four kinds of] sleep state of the 
shallow sleep state of a wakefulness and REM sleep term and a non-REM sleep term, and the deep 
sleep state of a non-REM sleep term. 

[0047] Next, drawing 1 5 shows an example of the basic configuration of the control section of the 
equipment concerning invention of claim 7. It attaches by the sleep state presumption section 8 from 
the measurement section 1 , and is the same as the thing of drawing 4 . 

[0048] And the presumed result of the sleep state presumed in the sleep state presumption section 8 
is outputted from the sleep state presumption section 8, and is inputted into the sleep judging 
controller 1 5. In the sleep judging controller 1 5, after presuming hypnagogic based on the presumed 
result of the inputted sleep state, a presumed result is corrected between the time amount (for 
example, 1 0 minutes) set up beforehand so that it may not judge with a deep sleep state. 
[0049] Next, drawing 16 shows an example of the basic configuration of the control section of the 
equipment concerning invention of claim 8. It attaches by the sleep state presumption section 8 from 
the measurement section 1 , and is the same as the thing of drawing 4 . 

[0050] And the presumed result of the sleep state presumed in the sleep state presumption section 8 
is outputted from the sleep state presumption section 8, and is inputted into the sleep judging 
controller 16. In the sleep judging controller 16, when it continues between the time amount to which 
the condition of being under the threshold to which whenever [ dispersion ] is set beforehand is set 
beforehand continuously after presuming hypnagogic based on the presumed result of the inputted 
sleep state, a presumed result is corrected so that it may judge with a deep sleep state. 
[0051] 

[Effect of the Invention] The sleep state judging approach which starts claim 1 of this invention as 
mentioned above In the sleep state judging approach of computing the trend curve showing the 
increase and decrease of an inclination of time amount change of the time series of biological 
information by measuring biological information, such as a heart rate or a pulse rate, and judging a 
sleep state based on this trend curve Since the trend curve was computed using the windowing 
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function of the time amount set up beforehand, it is accurate and, moreover, a sleep state can be 
detected on real time. 

[0052] Moreover, since invention of claim 2 made the die length of the time amount of a windowing 
function 40 minutes - 70 minutes in computing a trend curve using a windowing function, it can 
detect a sleep state with a sufficient precision. 

[0053] The sleep state judging equipment concerning claim 3 of this invention The measurement 
section which measures biological information values, such as a heart rate per unit time amount, or a 
pulse rate, and is made into the biological information measurement value of each time of day, The 
trend curvilinear calculation section which computes the trend curve set up so that the inclination of 
time amount change of the time series of a biological information value might be expressed as the 
measurement time-of-day setting section which sets up measurement time of day, A top Norio object 
information value and the increment calculation section which computes the increment degree of the 
biological information value in each measurement time of day from a trend curve, Whenever 
[ dispersion / which computes the dispersion degree of the top Norio object information value within 
fixed time amount in front of each above-mentioned measurement time of day ] The calculation 
section, The sleep state appearance probability calculation section which computes the appearance 
probability of each sleep state from the increment of this computed biological information value, and 
the combination of whenever [ dispersion ] based on the sleep state appearance probability density 
part face set up beforehand, Since the sleep state presumption section which presumes the condition 
of having taken the biggest numeric value in the appearance probability of each sleep state computed 
in the sleep state appearance probability calculation section to be the sleep state of the measurement 
time of day is provided The appearance probability of each sleep state is computable from the 
increment degree of a biological information value, and a dispersion degree, it is accurate and, 
moreover, a sleep state can be detected on real time. 

[0054] The sleep state judging equipment concerning claim 4 of this invention The measurement 
section which measures biological information values, such as a heart rate per unit time amount, or a 
pulse rate, and is made into the biological information measurement value of each time of day, The 
trend curvilinear calculation section which computes the trend curve set up so that the inclination of 
time amount change of the time series of a biological information value might be expressed as the 
measurement time-of-day setting section which sets up measurement time of day, A top Norio object 
information value and the increment calculation section which computes the increment degree of the 
biological information value in each measurement time of day from a trend curve, Whenever 
[ dispersion / which computes the dispersion degree of the top Norio object information value within 
fixed time amount in front of each above-mentioned measurement time of day ] The calculation 
section, The sleep state appearance probability calculation section which computes the appearance 
probability of each sleep state from the increment of this computed biological information value, and 
the combination of whenever [ dispersion ] based on the sleep state appearance probability density 
part face set up beforehand, The sleep state appearance rate calculation section which computes the 
appearance rate of each sleep state based on the appearance rate table of each sleep state set up 
beforehand from the elapsed time from the time of initiation of operation, The sleep state appearance 
ratio calculation section which computes each sleep state appearance ratio by multiplying each 
above-mentioned sleep state appearance probability and each above-mentioned sleep state 
appearance rate, Since the sleep state presumption section which presumes the condition of having 
taken the biggest numeric value in each above-mentioned sleep state appearance ratio to be the sleep 
state of the measurement time of day is provided In addition to the increment degree and dispersion 
degree of a biological information value, the appearance rate of each sleep state can be computed 
from a sleep state appearance rate table, the concept of time amount progress can be added, it is 
accurate and, moreover, a sleep state can be detected on real time. 

[0055] The sleep state judging equipment concerning claim 5 of this invention The measurement 
section which measures biological information values, such as a heart rate per unit time amount, or a 
pulse rate, and is made into the biological information measurement value of each time of day, The 
front trend curvilinear calculation section which computes the front trend curve set up so that the 
inclination of time amount change of the travelling direction of the time series of the above- 
mentioned biological information value might be expressed as the measurement time-of-day setting 
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section which sets up measurement time of day, The back trend curvilinear calculation section which 
computes a trend curve after setting up so that the inclination of time amount change of the 
retrogression direction of the time series of a top Norio object information value may be expressed, 
The trend curvilinear calculation section which computes a trend curve by adopting the value of the 
larger one in each measurement time of day among the trend curve before the above, and the trend 
curve after the above, A top Norio object information value and the increment calculation section 
which computes the increment degree of the biological information value in each measurement time 
of day from a trend curve, Whenever [ dispersion / which computes the dispersion degree of the top 
Norio object information value within fixed time amount in front of each above-mentioned 
measurement time of day ] The calculation section, The sleep state appearance probability 
calculation section which computes the appearance probability of each sleep state from the 
increment of this computed biological information value, and the combination of whenever 
[ dispersion ] based on the sleep state appearance probability density part face set up beforehand, 
Since the sleep state presumption section which presumes the condition of having taken the biggest 
numeric value in the appearance probability of each above-mentioned sleep state to be the sleep state 
of the measurement time of day is provided The increment degree of a biological information value 
is more computable as a value which reflected a living body's condition correctly based on the trend 
curve computed from a front trend curve and a back trend curve. The appearance probability of each 
sleep state is computable from the increment degree of this biological information value, and a 
dispersion degree, it is accurate and, moreover, a sleep state can be detected on real time. 
[0056] The sleep state judging equipment concerning claim 6 of this invention The measurement 
section which measures biological information values, such as a heart rate per unit time amount, or a 
pulse rate, and is made into the biological information measurement value of each time of day, The 
front trend curvilinear calculation section which computes the front trend curve set up so that the * 
inclination of time amount change of the travelling direction of the time series of the above- 
mentioned biological information value might be expressed as the measurement time-of-day setting 
section which sets up measurement time of day, The back trend curvilinear calculation section which 
computes a trend curve after setting up so that the inclination of time amount change of the 
retrogression direction of the time series of a top Norio object information value may be expressed, 
The trend curvilinear calculation section which computes a trend curve by adopting the value of the 
bigger one in each measurement time of day among the trend curve before the above, and the trend 
curve after the above, A top Norio object information value and the increment calculation section 
which computes the increment degree of the biological information value in each measurement time 
of day from a trend curve, Whenever [ dispersion / which computes the dispersion degree of the top 
Norio object information value within fixed time amount in front of each above-mentioned 
measurement time of day ] The calculation section, The sleep state appearance probability 
calculation section which computes the appearance probability of each sleep state from the 
increment of this computed biological information value, and the combination of whenever 
[ dispersion ] based on the sleep state appearance probability density part face set up beforehand, 
The sleep state appearance rate calculation section which computes the appearance rate of each sleep 
state based on the appearance rate table of the sleep state set up beforehand from the elapsed time 
from the time of initiation of operation, The sleep state appearance ratio calculation section which 
computes each sleep state appearance ratio by multiplying each above-mentioned sleep state 
appearance probability and each above-mentioned sleep state appearance rate, Since the sleep state 
presumption section which presumes the condition of having taken the biggest numeric value in each 
above-mentioned sleep state appearance ratio to be the sleep state of the measurement time of day is 
provided The increment degree of a biological information value is more computable as a value 
which reflected a living body's condition correctly based on the trend curve computed from a front 
trend curve and a back trend curve. And in addition to the increment degree and dispersion degree of 
this biological information value, the appearance rate of each sleep state can be computed from a 
sleep state appearance rate table, the concept of time amount progress can be added, it is accurate 
and, moreover, a sleep state can be detected on real time. 

[0057] Moreover, since the sleep judging controller which corrects a presumed result is provided so 
that it may not be in a deep sleep state between the time amount set up beforehand after invention of 
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claim 7 presumes hypnagogic to the presumed result outputted from the above-mentioned sleep state 
presumption section, a sleep state is detectable with a sufficient precision. 

[0058] Moreover, since invention of claim 8 possesses the sleep judging controller which corrects a 
presumed result so that it may be in a deep sleep state when it continues between the time amount to 
which the condition of being under the threshold to which whenever [ dispersion ] was set 
beforehand was set beforehand continuously after presuming hypnagogic to the presumed result 
outputted from the above-mentioned sleep state presumption section, it can detect a sleep state with a 
sufficient precision. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is the block diagram of the control section in an example of claim 1 and the gestalt of 
implementation of invention of two. 

[Drawing 2] It is the flow chart which shows actuation of the trend curvilinear calculation section 
same as the above. 

[Drawing 3] It is the graph which shows the trend curve corresponding to transition and it of the 
heart rate of a night same as the above. 

[Drawing 4] It is the block diagram of the control section in an example of the gestalt of 
implementation of invention of claim 3. 

[Drawing 5] It is the flow chart which shows actuation of the trend curvilinear calculation section 
same as the above. 

[Drawin g 6] It is the graph which shows the trend curve corresponding to transition and it of the 
heart rate of a night same as the above. 

[Drawing 7] It is the graph which shows transition of the increment of the heart rate of a night same 
as the above. 

[Drawing 8] It is the graph which shows whenever [ dispersion / in the heart rate of a night same as 
the above ]. 

[Drawin g 9 ] It is drawing showing sleep state appearance probability density part face same as the 
above. 

[Drawing 10] It is the block diagram of the control section in an example of the gestalt of 
implementation of invention of claim 4. 

[Drawing 11] It is the graph of the appearance rate table of a sleep state same as the above. 
[Drawing 12] It is the block diagram of the control section in an example of the gestalt of 
implementation of invention of claim 5. 

[Drawing 13] It is the flow chart which shows actuation of the back trend curvilinear calculation 
section same as the above. 

[Drawing 14] It is the block diagram of the control section in an example of the gestalt of 
implementation of invention of claim 6. 

[Drawing 15] It is the block diagram of the control section in an example of the gestalt of 
implementation of invention of claim 7. 

[Drawing 16] It is the block diagram of the control section in an example of the gestalt of 
implementation of invention of claim 8. 

[Drawing 1 7] The graph with which (a) shows an example of transition of an overnight sleep state, 
and (b) are graphs which show an example of transition of an overnight heart rate. 
[Description of Notations] 

1 Measurement Section 

2 Measurement Time-of-Day Setting Section 

3 Trend Curvilinear Calculation Section 

4 Increment Calculation Section 

5 It is Calculation Section whenever [ Dispersion ]. 

6 Sleep State Appearance Probability Density Part Face 

7 Sleep State Appearance Probability Calculation Section 
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8 Sleep State Presumption Section 

9 Sleep State Appearance Rate Table 

10 Sleep State Appearance Rate Calculation Section 

1 1 Sleep State Appearance Ratio Calculation Section 

12 Front Trend Curvilinear Calculation Section 

13 Back Trend Curvilinear Calculation Section 

14 Trend Curvilinear Calculation Section 

15 Sleep Judging Controller 

16 Sleep Judging Controller 
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* NOTICES * 



JFO and NCIPI are not responsible for any- 
caused by the use of this translate 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 10] 
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[Drawing 12] 
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[Drawing 13] 
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[Drawing 14] 
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[Drawing 15] 
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[Drawing 16] 
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